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(54) Ink supply device and ink-jet recording head 

(57) An adhering of an ink bubble to a filter causes 
a decreasing of an effective area of the filter, a distur- 
bance of an ink refill and an unstable discharge or dis- 
charge failure. An ink supply device (8) having an ink 
flow passage (7) for communicating an ink containing 
part for containing an ink with a discharge part (2a) for 
discharging the ink, the ink flow passage (7) is charac- 
terized by a filter device (1 0) including a filter (1 5) and a 
filter box (14) for containing the filter (15) and provided 
with an ink inlet port (12) and an ink outlet port (13), 
wherein an area at the ink inlet port (1 2) side of the filter 
box (14) is disposed beneath an area at the ink outlet 
port (13) side of the filter box (14), and an inside diame- 
ter (d2) of ink flow passage (12a) at the ink inlet port 
(12) side of the filter box (14) is narrowed in a diameter 
to be smaller than an inside diameter (d1) of the ink flow 
passage (12) immediately before expanding into a bell- 
bottomed shape towards the filter (15). 
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Description 

[0001] The present invention relates to an ink supply device and a recording head of an ink-jet recording apparatus 
for discharging flying liquid drops of ink as a recording liquid as ink droplets from a discharge port to perform recording 
on recording paper, more concretely to an ink supply device which is provided with a removing device for removing dust, 
and to a recording head, 

[0002] In an ink-jet recording head, it is constructed so as to supply ink to a common chamber communicating with a 
discharge port, in which a filter device having a filter for preventing contamination with fine dust or the like which may 
be a cause of nozzle clogging is provided in a passage for introducing the ink supplied from an ink tank Such filter 
device is generally of a type in which a filter box is connected to a pipe for introducing the ink. A filter is disposed in the 
filter box, and the diameter of the filter is normally larger than the diameter of the pipe. For this reason, an inside diam- 
eter of the pipe in the vicinity of the filter is increased towards the filter diameter, resulting in a bell-bottomed^shape of 
the pipe of this portion. 

[0003] However, if an expanded portion of a flow passage such as a bell-bottomed portion is present in a filter device 
of an ink supply device, the ink flow rate is decreased at this portion resulting in a stagnation of the ink, and a bubble is 
liable to generate in the vicinity of the filter. Further, a once-generated bubble does not readily disappear but tends to 
adhere to the filter. As a result, an effective area of the filter is decreased, which may disturb an ink refill, leading to an 
unstable discharge or a discharge failure due to an insufficient ink refill. 

[0004] In order to solve such problems in the prior arts, it is an object of the present invention to provide a highly reli- 
able ink supply device and an ink-jet recording head having a filter device which does not generate a bubble in the vicin- 
ity of the filter in the filter box, or even if generates, has a structure capable of immediately defoaming, thereby 
preventing an occurrence of an unstable discharge or an insufficient ink refill. 

[0005] In accordance with the present invention which attains the above object, there is provided an ink supply device 
having an ink flow passage for communicating an ink containing part for containing an ink with a discharge part for dis- 
charging the ink, the ink flow passage is characterized by a filter device including a filter and a filter box for containing 
the filter and provided with an ink inlet port and an ink outlet port, wherein an area at the ink inlet port side of the filter 
box is disposed beneath an area at the ink outlet port side of the filter box. and an inside diameter of the ink flow pas- 
sage at the ink inlet port side of the filter box is narrowed in a diameter to be smaller than the inside diameter of the ink 
flow passage immediately before expanding into a bell-bottomed shape towards the filter. 

[0006] Further, an ink-jet recording head according to the present invention for discharging an ink comprises a filter 
device having a filter and a filter box for containing the filter and provided with an ink inlet port and an ink outlet port, the 
filter and the filter box provided in a passage for supplying the ink to the ink-jet recording head, wherein an area at the 
ink inlet port side of the filter box is disposed beneath an area at the ink outlet port side of the filter box, and an inside 
diameter of the ink flow passage at the ink inlet port side of the filter box is narrowed in diameter to be smaller than an 
inside diameter of the ink flow passage immediately before expanding into a bell-bottomed shape towards the filter. 
[0007] According to the above-described ink supply device and the ink-jet recording head, the flow rate of the ink 
passing through the narrowed orifice-formed part is increased, which is offset each other by a mutual effect of a relax- 
ation of an ink flow rate in a box member having a cross-sectional area expanding in a bell-bottomed shape towards the 
filter having a large diameter, thereby preventing an occurrence of a generation of a bubble due to a stagnation of an 
ink flow and obtaining a highly reliable ink supply device and an ink-jet recording head without an unstable ink discharge 
or an insufficient ink refill. 

[0008] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of the embodiments thereof taken in conjunction with the accompanying draw- 
ings. 

Fig. 1 is an exploded perspective view showing the shape of the ink-jet recording head according to the present 
invention; 

Figs. 2A and 2B are respective views for explaining the ink-jet recording head according to the present invention, 
in which 2A is a vertical sectional view of a filter box, and 2B is a plane view of a filter; 

Fig. 3 is a vertical sectional view showing a modified example of a filter box of the ink-jet recording head according 
to the present invention; and 

Fig. 4 is a schematic explanation view showing an example of a liquid supply device according to the present inven- 
tion. 

[0009] Next, the embodiments of the present invention will be described with reference to the drawings. 
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(Embodiment 1) 

[0010] Fig. 1 is a perspective view showing the shape of an ink-jet recording head 1 according to the present inven- 
tion, and Fig. 2 is a schematic view of a filter box which is best showing the feature of the ink-jet recording head of the 
5 present invention. 

[001 1] As shown in Fig. 1 , the ink-jet recording head 1 of the present invention is constructed integrally from an elec- 
trothermal converter (electrothermal conversion element) which is film-formed on a substrate by means of a semicon- 
ductor production process such as etching, deposition, sputtering and the like, an ink flow passage having a common 
liquid chamber, a grooved ceiling plate 2 which is a discharge port formation member having an electrode and a dis- 

w charge port (nozzle), a base plate 5 having a printed circuit board 3 and a heater board 4, an ink supply system unit 8 
having an ink supply pipe passage 7 provided with a fflter device 10 having a filter box 6, and the like. A recording ink 
is supplied from an ink tank to a rear part atboth. ends of. the grooved ceiling plated which is a formation member of the 
discharge port, an ink flow passage and a common liquid chamber of the ink-jet recording head 1 . 
[0012] The ink supply pipe passage 7 of the ink supply system unit 8 is adapted to be connected with a piping from 

is the ink tank, and a filter device 10 is provided at the connection part which has a filter box 6 provided with a filter for 
preventing contamination with fine dust and the like from the ink tank. At the downstream side of the filter device 1 0. the 
ink supply pipe passage 7 is branched into branch pipe passages 7a an 7b, tips of the respective branch pipe passages 
7a and 7b being connected to both ends of the grooved ceiling plate 2, and the mounting protrusions 7c and 7c provided 
halfway in the branched pipe passages 7a and 7b are mounted respectively to the mounting holes 5a and 5a of the 

20 base plate 5. 

[001 3] The ink supplied to the ink-jet recording head 1 of the above construction is supplied by a capillary phenome- 
non into an ink liquid passage formed of the grooved ceiling plate 2, and stably held by forming a meniscus on an ink 
discharge port surface at the tip of the liquid passage. 

[0014] Here, by energizing the electrothermal converter through an electrode terminal 3a of the printed circuit board 
25 3, the ink on the electrothermal converter surface is heated to generate a bubbling phenomenon by boiling in the ink, 
and the ink is discharged by an energy of the bubble generation as a flying liquid drop from an ink discharge port surface 
2a of the grooved ceiling plate 2. In the case of the thus constructed present embodiment, the ink-jet recording method 
is an ink-jet method of a type for discharging a liquid by a thermal energy, and by arranging the ink discharge ports in a 
high density, a very fine recording can be achieved. 
30 [001 5] In the constructed ink supply system unit 8, the filter device 10 of the present invention, as shown in Figs. 2A 
and 2B, comprises two truncated conical box members 16 and 17 joined in the opposite directions, and a filter box 14 
having a filter 16 provided in the joined portion between these box members 16 and 17. An inlet side pipe 12 is con- 
nected to an inlet port of the box member 16, on the other hand, an outlet side pipe 13 is connected to an outlet of the 
box member 17. Further, a tip part 12a of the inlet side pipe 12 is provided with a protruded portion 12b on its entire 
35 inner periphery, thus forming the tip. 

[001 6] In the filter box 1 4. the ink inlet side filter box member 1 6 is disposed beneath the ink outlet side filter box mem- 
ber 1 7 through the filter 1 5 so that the ink flow is in a vertical upward direction. That is, in the recording head shown in 
Fig. 1 , the discharge port is used in a vertical downward direction. 

[001 7] Therefore, the filter box 1 4 provided with the filter 1 5 has a so-called abacus bead form in which two truncated 
40 conical box members 16 and 17 are joined with each other in the opposite directions at the bottom surface sides, the 
filter 15 of a diameter D is integrally formed at the joined portion at the center of the filter box 14, the inlet side pipe 12 
of a diameter d1 is connected at the ink inlet side, and the outlet side pipe 13 of the same diameter d1 is connected at 
the ink outlet side. 

[0018] The walls for these inlet side pipe 12 and outlet side pipe 13, the box members 16 and 17 of the fflter box 14 
45 and the like are not shown in the figure, and can be formed in the appropriate thicknesses. Further, when the filter box 
14 is made of a transparent or translucent synthetic resin or the like, it is advantageous for checking the inside state 
visually. 

[0019] Specifically, as shown in the figures, the inlet side pipe 12 and the outlet side pipe 13 are both made of a pipe 
having the same diameter d1 , further, the tip part 12a of the inlet side pipe 12 is tapered to a diameter d2 at the inlet 
so port 14a into the filter box 14. That is, the outlet port of the tip part 12a of the inlet side pipe 12 is the inlet port 14a of 
the filter box 14, forming an orifice of a diameter d2. Therefore, the inlet port 14a of the filter box 14 also has a diameter 
d2. 

[0020] Since a "constricted" part as shown in the figure is formed at the connection part between the tip part 1 2a of 
the inlet side pipe 1 2 and the inlet port 1 4a of the filter box 1 4. it is preferable that the protruded portion 1 2b is provided 
55 on the outer periphery of the constricted part by adhering an appropriate filling material or molding material to approx- 
imately to the same diameter as the inlet side pipe 12 so that the strength of this portion is increased. 
[0021] Further, the filter box 14 is tapered from the inlet port 14a towards inside the filter box 14 to form a bell-bot- 
tomed shape expanding towards the filter diameter, and after passing the filter 1 5 on the contrary, similarly tapered to 
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converge in a bell-bottomed shape towards the outlet side pipe 13. 

[0022] In the thus constructed first embodiment of the present invention, the inlet side pipe 12 having the diameter d1 
is tapered down at the connection part with the filter box 14, diameter of the outlet port of the tapered tip part 12a is the 
same diameter d2 as that of the inlet port 14a of the filter box 14, and the inlet side pipe 12 and the outlet side pipe 13 
are the same in diameter, where since the filter 15 has a diameter of D, there is a relation of D > d1 > d2 among these 
diameters d1 , d2, and D. 

[0023] In the above-described first embodiment of the ink-jet recording head of the present invention, the fitter device 
10 is disposed which has the filter box 14 provided with the filter 15 for preventing contamination of fine dust in the pas- 
sage for supplying the ink to the common liquid chamber of the grooved ceiling plate 2, the inside diameter d1 of the 
inlet side pipe 12 at the inlet side of the box member 16 of the filter box 14 is narrowed by one step, and at the part 
before immediately expanding to a bell-bottomed shape towards the diameter of the filter 15, is formed in an orifice- 
shape having a diameter d2 at the hole of the. outlet port, of the tip part 1 2a. As a result the flow rate of the. ink passing^ 
through this part is increased, and it can offset a decrease in flow rate due to the expansion in the bell-bottomed shape 
towards the filter 15 having the diameter D to prevent a generation of a bubble due to a stagnation of the ink. Further, 
by the ink flow increased in flow rate by passing through the inlet port 1 4a, a turbulent flow of the ink is generated in the 
interior of the f flter box member 1 6, even when a bubble adheres to the surface at the ink inlet side of the filter, the bub- 
ble is divided into small pieces so that they can pass through the filter and move upward (to the downstream side). 
[0024] Still further, even when a bubble is generated for some reason, by the above-described increase of the ink flow 
rate and the generation of a turbulent flow, the bubble can be destructed to flow into the common liquid chamber of the 
recording head through the filter 1 5 to be discharged from the discharge port of the ink discharge port surface 2a, that 
is, from the nozzle, thereby it can construct a highly reliable ink-jet recording head without an occurrence of an unstable 
discharge or an insufficient ink refill. 

[0025] Here, the inside diameter dl of the ink inlet pipe 12 can be determined so that an ink supply failure is not gen- 
erated to the head when the ink flow rate is a maximum, and the filter diameter is a minimum in view of a down-sizing 
of the apparatus itself. The maximum value of the ink flow rate can be calculated from the number of the discharge ports 
of the recording head, the ink discharge amount from the discharge port, the driving frequency and the like, and when 
the respective values are increased, the maximum value of the inkflow rate is required to be estimated at a large value. 
In the case of the present embodiment of a so-called full-line type recording head which has a large number of dis- 
charge ports (actually 300 or more), since the driving frequency is about 2 to 5 (KHz) which is not so high, according to 
an experiment conducted by the inventors, it has been confirmed that the above-described insufficient supply is not 
generated when the diameter d1 s 10 (mm). 

[0026] Yet further, as to the tapered shape of the tip part 1 2a of the inlet pipe, since a loss coefficient £ due to a rapid 
reduction loss is increased if it has a stepped shape, it is desirable that the tapered shape be such that the sectional 
area continuously decreases with respect to the ink flow direction (vertical upward). Then, the inventors have deter- 
mined the inner surface shape of the tip part 12a to be approximately a truncated conical shape, where an angle is 0 
between the part of continuously changing cross-sectional shape and the inside wall of the ink flow passage, investi- 
gated an optimum range of the angle 6 and obtained the result shown in Table 1 below. 



(Table 1) 



Sample 


d1 (mm) 


d2 (mm) 


6(deg.) 


Presence of remaining 
bubble 


1 


10 


5 


10 


X 


2 


10 


5 


20 


X 


3 


10 


5 


30 


O 


4 


10 


5 


40 


o 


5 


10 


5 


45 


o 


6 


10 


5 


50 


X 



[0027] From Table 1 . it has been confirmed that in the case of the angle 30° ses 45°. the above effect be provided 
without reducing the effect by the increased flow rate, and without finding a phenomenon of the reduction in the flow 
rate because this part acts as a resistance 

[0028] Further, as to the relation between the diameters d1 and d2, although depending on the magnitude of the 
inside diameter d1 , when the investigation has been conducted on the condition to divide the bubble formed on the filter 
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into smallest sizes under the conditions of the diameter d1 = 10 mm, the angle 30° s e § 45°. the results shown in Table 
2 have been obtained. 



(Table 2) 



Sample 


d1 (mm) 


62 (mm) 


Presence of remaining 
bubble 


1 


10 


10 


X 


2 


10 


8 


X j 


3 


10 


5 


O 


4 


10 


3 


O 


5 


10 


2.5 


O 


6 


10 


2 


X 



[0029] As can be seen from Table 2, it has been confirmed that the remaining bubble on the filter be finely divided in 
20 the range of the ratio of the diameters 2 ^ d1 AJ2 ^ 4. In the case of the present embodiment in particular, according to 
an experiment by the inventors, it has been found that the bubble has divided into the smallest sizes at the time of the 
diameter d1 =2d2. 

[0030] As to the range of the above angle 6, the range of the angle 30° ^ 9 s 45° can provide the above effect without 
being affected by the respective diameters when the diameters d1 and d2 meet the above desirable relation. 

25 

(Embodiment 2) 

[0031] Fig. 3 illustrates a second embodiment of the ink-jet recording apparatus according to the present invention, 
of which the basic construction of an inlet side pipe 22, an outlet side pipe 23, a filter 25 and the like is the same as in 
30 the first embodiment In the second embodiment a top surface 26b of the inlet side box member 26 of a filter box 24 is 
broad and flat, and an inlet port 26a is provided at the center to form an orifice. 

[0032] Consequently, the constricted part on the periphery of the part joining the tip part 22a of the inlet side pipe 22 
with the top surface 26b of the box member 26 is provided with a protruded part 22b by adhering an appropriate filling 
material or molding material to make the outer peripheral surface in flat 

35 [0033] Also in the thus constructed second embodiment of the present invention, as in the first embodiment, since the 
inside diameter d1 of the inlet side pipe 22 to the ink inlet side box member 26 of the filter box 24 is reduced by one 
step, immediately before expanding into a bell-bottomed shape towards the outer diameter of the filter 25. that is. form- 
ing an orifice shape having a diameter d2 at the hole of the outlet port of the tip part 22a. thus the flow rate of the ink 
passing this part is increased. Further, the ink flow rate is relaxed in the box member 26 having a cross-sectional area 

40 sharply changing by expanding into the bell-bottomed shape towards the filter 25 having a diameter D to offset with 
each other, thereby preventing generation of a bubble due to a stagnation of the ink. 

[0034] Still further, even when a bubble is generated, since, by the above increased ink flow rate, the bubble is divided 
to flow the ink into the common liquid chamber of the recording head through the filter 25. and the ink is discharged from 
the ink discharge port, thereby a highly reliable ink-jet recording head can be obtained without an occurrence of an 
45 unstable discharge or an insufficient ink refill. 

(Embodiment 3) 

[0035] Fig. 4 illustrates a third embodiment of the ink-jet recording apparatus of the present invention. In the present 
so embodiment, unlike the above first and second embodiments, the above-described filter device is provided in a replace- 
able ink tank, rather than the recording head. 

[0036] In Fig. 4, numeral 108 denotes an ink tank as an ink containing part, which is provided with an atmosphere 
communicating hole 101 for communicating with the atmosphere and an ink supply port 102 for conducting the ink to 
the outside. 103 is an ink inlet port for introducing a recirculated ink. 109 is a pump for pumping the ink, 1 10 is a power 
55 supply for driving the pump, and 1 1 1 is a switch for controlling the drive. Normally, the ink blows from the ink tank, pass- 
ing through the filter device 1 06 of the present invention and through an ink supply passage 122 to the head 1 12. During 
a recovery operation such as a bubble elimination, the ink is recirculated by pumping from the head through an ink sup- 
ply passage 121 as an ink return passage to the ink tank. 
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[0037] Also in such an ink supply path, by applying the filter of the present invention, the same effect as in the above 
first and second embodiments can be provided. In this case, it is needless to say that the specification of the more pref- 
erable range of the angle 6, and the diameters d1 and d2 described in the above embodiments can also be applied to 
the present embodiment. 

[0038] The present invention achieves distinct effects when applied to a recording head or a recording apparatus 
which has means for generating thermal energy such as electrothermal transducers or laser light, and which causes 
changes in ink by the thermal energy so as to eject ink. This is because such a system can achieve a high density and 
high resolution recording. 

[0039] A typical structure and operational principle thereof is disclosed in U.S. patent Nos. 4,723,129 and 4,740,796. 
and it is preferable to use this basic principle to implement such a system. Although this system can be applied to either 
on-demand type or continuous type ink jet recording systems, it is particularly suitable for the on-demand type appara- 
tus. This is because the on-demand type apparatus has electrothermal, transducers, each disposed on a sheet or liquid 
passage that retains liquid (ink), and operates as follows: first one or more drive signals are applied to the electrother- 
mal transducers to cause thermal energy corresponding to recording information; second, the thermal energy induces 
sudden temperature rise that exceeds the nucleate boiling so as to cause the film boiling on heating portions of the 
recording head; and third, bubbles are grown in the liquid (ink) corresponding to the drive signals. By using the growth 
and collapse of the bubbles, the ink is expelled from at least one of the ink ejection orifices of the head to form one or 
more ink drops. The drive signal in the form of a pulse is preferable because the growth and collapse of the bubbles can 
be achieved instantaneously and suitably by this form of drive signal. As a drive signal in the form of a pulse, those 
described in U.S. patent Nos. 4,463,359 and 4,345,262 are preferable. In addition, it is preferable that the rate of tem- 
perature rise of the heating portions described in U.S. patent No. 4,313,124 be adopted to achieve better recording. 
[0040] U.S. patent Nos. 4,558,333 and 4,459.600 disclose the following structure of a recording head, which is incor- 
porated to the present invention: this structure includes heating portions disposed on bent portions in addition to a com- 
bination of the ejection orifices, liquid passages and the electrothermal transducers disclosed in the above patents. 
Moreover, the present invention can be applied to structures disclosed in Japanese Patent Application Laying-open 
Nos. 59-123670 (1984) and 59-138461 (1984) in order to achieve similar effects. The former discloses a structure in 
which a slit common to all the electrothermal transducers is used as ejection orifices of the electrothermal transducers, 
and the latter discloses a structure in which openings for absorbing pressure waves caused by thermal energy are 
formed corresponding to the ejection orifices. Thus, irrespective of the type of the recording head, the present invention 
can achieve recording positively and effectively. 

[0041] The present invention can be also applied to a so-called full-line type recording head whose length equals the 
maximum length across a recording medium. Such a recording head may consists of a plurality of recording heads 
combined together, or one integrally arranged recording head. 

[0042] In addition, the present invention can be applied to various serial type recording heads: a recording head fixed 
to the main assembly of a recording apparatus; a conveniently replaceable chip type recording head which, when 
loaded on the main assembly of a recording apparatus, is electrically connected to the main assembly, and is supplied 
with ink therefrom; and a cartridge type recording head integrally including an ink reservoir. 

[0043] It is further preferable to add a recovery system, or a preliminary auxiliary system for a recording head as a 
constituent of the recording apparatus because they serve to make the effect of the present invention more reliable. 
Examples of the recovery system are a capping means and a cleaning means tor the recording head, and a pressure 
or suction means for the recording head. Examples of the preliminary auxiliary system are a preliminary heating means 
utilizing electrothermal transducers or a combination of other heater elements and the electrothermal transducers, and 
a means for carrying out preliminary ejection of ink independently of the ejection for recording. These systems are 
effective for reliable recording. 

[0044] The number and type of recording heads to be mounted on a recording apparatus can be also changed. For 
example, only one recording head corresponding to a single color ink, or a plurality of recording heads corresponding 
to a plurality of inks different in color or concentration can be used. In other words, the present invention can be effec- 
tively applied to an apparatus having at least one of the monochromatic, multi-color and full-color modes. Here, the 
monochromatic mode performs recording by using only one major color such as black. The multi-color mode carries out 
recording by using different color inks, and the full-color mode performs recording by color mixing. 
[0045] Furthermore, although the above-descrbed embodiments use liquid ink. inks that are liquid when the record- 
ing signal is applied can be used: for example, inks can be employed that solidify at a temperature lower than the room 
temperature and are softened or liquefied in the room temperature. This is because in the ink jet system, the ink is gen- 
erally temperature adjusted in a range of the temperature 30° - 70° so that the viscosity of the ink is maintained at such 
a value that the ink can be ejected reliably. 

[0046] In addition, the present invention can be applied to such apparatus where the ink is liquefied just before the 
ejection by the thermal energy as follows so that the ink is expelled from the orifices in the liquid state, and then begins 
to solidify on hitting the recording medium, thereby preventing the ink evaporation: the ink is transformed from solid to 
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liquid state by positively utilizing the thermal energy which would otherwise cause the temperature rise; or the ink, which 
is dry when left in air, is liquefied in response to the thermal energy of the recording signal. In such cases, the ink may 
be retained in recesses or through holes formed in a porous sheet as liquid or solid substances so that the ink faces to 
the electrothermal transducers as described in Japanese Patent Application l_aying-open Nos. 54-56847 (1979) or 60- 
5 71260 (1985). The present invention is most effective when it uses the film boiling phenomenon to expel the ink. 

[0047] Furthermore, the ink jet recording apparatus of the present invention can be employed not only as an image 
output terminal of an information processing device such as a computer, but also as an output device of a copying 
machine including a reader, and as an output device of a facsimile apparatus having a transmission and receiving func- 
tion. 

w [0048] The present invention has been described in detail with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that changes and modifications may be made without departing 
from the invention in its broader aspects, and. it is the intention, therefore,, in. the appended claims, to cover all such 
changes and modifications as fall within the true spirit of the invention. 

[0049] An adhering of an ink bubble to a filter causes a decreasing of an effective area of the filter, a disturbance of 
is an ink refill and an unstable discharge or discharge failure. An ink supply device (8) having an ink flow passage (7) for 
communicating an ink containing part for containing an ink with a discharge part (2a) for discharging the ink, the ink flow 
passage (7) is characterized by a filter device (1 0) including a filter (1 5) and a filter box (1 4) for containing the filter (1 5) 
and provided with an ink inlet port (12) and an ink outlet port (13), wherein an area at the ink inlet port (12) side of the 
filter box (14) is disposed beneath an area at the ink outlet port (13) side of the filter box (14), and an inside diameter 
20 (d2) of ink flow passage (1 2a) at the ink inlet port (12) side of the filter box (14) is narrowed in a diameter to be smaller 
than an inside diameter (d1) of the ink flow passage (12) immediately before expanding into a bell-bottomed shape 
towards the filter (1 5). 

Claims 

25 

1 . An ink supply device having an ink flow passage for communicating an ink containing part for containing an ink with 
a discharge part for discharging said ink. said ink flow passage is characterized by a fitter device including a filter 
and a filter box for containing said filter and provided with an ink inlet port and an ink outlet port, characterized in 
that 

30 

an area at the ink inlet port side of said filter box is disposed beneath an area at the ink outlet port side of said 
filter box, and 

an inside diameter of ink flow passage at the ink inlet port side of said filter box is narrowed in a diameter to be 
smaller than an inside diameter of said ink flow passage immediately before expanding into a bell-bottomed 
35 shape towards said filter. 

2. The ink supply device as claimed in Claim 1 , characterized in that an inside diameter d1 of ink inlet side flow pas- 
sage of said filter box, an inside diameter d2 of a part narrowed in diameter by one step of said flow passage, and 
a filter outside diameter 0 have a dimensional relation of the diameters D > dl > d2. 

40 

3. The ink supply device as claimed in Claim 2, characterized in that the inside diameter d1 of said ink inlet side flow 
passage and the inside diameter d2 of the part of said flow passage narrowed diametrally by one step satisfy a ratio 
of the diameters 2 £ d1/d2 £ 4. 

45 4. The ink supply device as claimed in Claim 1 , characterized in that said one step narrowed part of ink flow passage 
has changed a cross-sectional shape continuously. 

5. The ink supply device as claimed in Claim 4, characterized in that an angle 8 between said part continuously 
changing in cross-sectional shape and an inside wall of said ink flow passage satisfies an angle 30° s 9 s 45°. 

50 

6. An ink-jet recording head for discharging an ink comprising a filter device having a filter and a filter box provided for 
each of the ink inlet side and the ink outlet side with respect to said filter, characterized in that 

said ink inlet side filter box is disposed beneath said ink outlet side filter box through the filter, and 
55 an inside diameter of ink flow passage at the ink inlet side of said filter box is narrowed in diameter to be smaller 

than said inside diameter of ink flow passage immediately before expanding into a bell-bottomed shape 
towards said filter. 



CiO: <EP 0965452A1 J_> 



7 



EP0 965 452 A1 



7. The ink-jet recording head as claimed in Claim 6, characterized in that said ink-jet recording head comprises a dis- 
charge port formation member having a discharge port, an ink flow passage communicating with said discharge 
port, a common liquid chamber at the rear end of said ink flow passage, and a discharge energy generation ele- 
ment disposed in a part of said ink flow passage for generating a thermal energy utilized for discharging an ink to 
generate a bubble for discharging the ink, whereby forming flying liquid drops for performing recording. 

8. The ink-jet recording head as claimed in Claim 6, characterized in that said filter box is made of a transparent mate- 
rial. 

9. The ink-jet recording head as claimed in Claim 6, characterized in that said filter box is made from two truncated 
conical box members joined opposing the cone surface sides provided with the filter. 
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